Background: Radical lymph node dissection (RLND) is the treatment of choice in stage III melanoma patients. Over half of the observed complications were related to post-operative serum collection affecting wound healing. The aim of this study was to evaluate the use of the LigaSure TM Small Jaw (LSJ) on postoperative drainage fluid volume and drainage permanence in patients undergoing RLND. Study design: This was a prospective single-center study in which consecutive melanoma patients underwent nodal dissection using the LSJ. Daily drainage volume and duration of drainage were recorded in post-operative course on days 3, 10 or 15 and day 20. Results: A total of 70 patients were included. Mean postoperative drainage volume was lower. Around two-thirds of patients had a drainage fluid volume of less than 50cc at 10 days. Mean time to drainage removal was 14.5 days. Conclusions: This is the first report of nodal dissection in patients with cutaneous melanoma using an electrothermal bipolar vessel sealing system. The technique was feasible, safe, and effective and resulted in reduced drainage fluid volume and drainage permanence.
Introduction
Radical lymph node dissection (RLND) is the treatment of choice for patients with stage III melanoma. However, the incidence of complications after ilio-inguinal and axillary lymphadenectomy can be high, with local complication rates of up to 80% after ilio-inguinal RLND and up to 48% after axillary RLND [1] [2] . Over half of these complications are typically related to delayed wound healing as a result of postoperative seroma formation [3] [4] . Intraoperative insertion of closed suction drains is the traditional method used to reduce seroma formation and subsequent wound healing complications after any nodal dissection. However, their use can be associated with discomfort, increased risk of infection and restricted mobility, thereby delaying patients' return to normal activities. As such, other strategies to prevent seroma formation may be beneficial in improving postoperative recovery and quality of life of patients.
Various methods to reduce seroma formation have previously been proposed, all of which aim to reduce dead space and seal leaking capillaries and lymphatic channels. These approaches include tacking sutures [5] , delayed exercise [6] [7] , tetracycline spray [8] , ultrasound cutting devices [9] , bovine thrombin [10] and fibrin sealants [11] [12] . LigaSure TM vessel-sealing system (Covidien, USA) is a bipolar electrosurgical device that provides hemostasis by denaturing collagen and elastin from the vessel wall and surrounding connective tissue. The LigaSure Small Jaw TM instrument is designed to be used in confined surgical spaces, especially in thyroid surgery, parotid gland surgery and head and neck surgery, to usefully seal and cut vessels up to 7 mm in diameter. The efficacy and safety of the LigaSure TM electrothermal bipolar vessel sealing system is approved worldwide for supportive treatment in surgery to improve hemostasis [13] . However, it is not approved for the reduction of seroma output in patients undergoing nodal dissection.
In the present study, we analyzed our experience at the National Cancer Institute of Naples using the LigaSure Small Jaw (LSJ) vessel sealing system in patients with lymph nodal metastases from cutaneous melanoma undergoing axillary or ilio-inguinal dissection. The aim of the study was to evaluate whether this technique could decrease postoperative drainage fluid volume and time to drainage removal. These data represent the first report of the use of electrothermal bipolar vessel sealing in patients with melanoma undergoing nodal dissection.
Material and Methods
This was a prospective study carried out at a single center (Unit of Surgery "Melanoma-Skin Tumors", Istituto Nazionale per lo Studio e la Cura dei Tumori "Fondazione G. Pascale", Naples, Italy) which included consecutive patients with stage III melanoma who underwent radical axillary or ilio-inguinal dissection using the LSJ vessel sealing instrument (Covidien, USA) between June 2014 and July 2015. The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice. All patients provided written informed consent.
Patients were eligible for the study if they were candidates for surgical treat- 
Results
A total of 70 consecutive patients (Table 1) Postoperative lymph output: Mean daily drainage on postoperative days 3, 10, 15 and 20 was 112cc, 53cc, 25cc and 17cc respectively ( Table 2 ). About 66.6% of patients had less than 55cc daily drainage volume at postoperative day 10.
Drainage removal incidence: Mean duration of closed suction drain placement was 14.5 days. A total of 32.4% of patients had drainage removed within 10 days and 67.5% of patients had drainage removed within 15 days (Table 3 ). 
Discussion
Nodal status is the strongest single prognostic factor in patients with cutaneous melanoma and the mainstay of treatment is surgical RLND of the involved ba- [15] . Previous studies suggest that the bulk of the fluid accumulation after RLND is not simply lymph from divided lymphatic vessels. However, neither it is merely a collection of serum, but rather consists of fluid formed by [17] . Following RLND, the use of closed suction drainage is required to evacuate lymph produced in the operative field. The duration of drainage in patients with melanoma can differ widely but is generally between 4 to 6 weeks [2] [18] . The use of electrocautery has been reported to be associated with a 44% increase in the probability of complications (including seroma, wound infection, wound necrosis, hematoma, and lymphedema) when compared with cold-knife technique [19] . Postoperative wound drainage has a significant negative impact on patients' well-being, interfering with their normal daily activities, reducing sleep and delaying their return to work. In a study of melanoma patients who had undergone inguino-femoral lymph node dissection, Mortenson and coworkers found that getting dressed, bathing, and sleeping were major problems for 67%, 78% and 72% of patients, respectively [2] .
Different surgical techniques, including avoidance of electrocautery, tacking sutures, ultrasound cutting devices, and modified lines of incision, have proven largely ineffective in preventing or reducing fluid collection after RLND [5] [9] . The addition of liquid fibrin sealants has also been disappointing in lymphadenectomy for melanoma [2] [18] [20] . In a previous randomized trial, the use of a fibrinogen/thrombin-coated collagen sealant patch reduced time to drainage removal by 4 days versus electrocautery (20 versus 23.3 days; p = 0.002) although daily drainage volume was not significantly reduced [14] .
Energy-based ligation and cutting tools such as electrothermal bipolar vessel sealing systems are commonly used in minimally invasive or open surgical procedures. The advantages of these tools include permanent sealing, reduced foreign body inflammatory reaction, minimal thermal effect on surrounding tissues, and reduced tissue tangling and carbonization. They also appear to be effective in closing lymphatic vessels that normally remain open with electrocautery. These energy-based devices allow effective reduction of surgery time and safe tissue removal with no increase in postsurgical complications. The LSJ electrothermal bipolar vessel sealing system uses electrothermal energy to denature collagen and elastin within the vessel wall and surrounding connective tissue and is reported to take 3.5 seconds to seal a 7-mm vessel in diameter with a blade temperature that never exceeds 80˚C.
Since the introduction of the LSJ instrument in 2010, many studies have compared it with conventional surgical methods especially as a hemostatic device in general surgery, urology, gynecology, thyroidectomy and axillary dissection [21] . In a meta-analysis of prospective randomized trials that compared the LigaSure electrothermal bipolar vessel sealing system with either clamping with suture ligation/electrocauterization or the harmonic scalpel in various surgical procedures, operative time was reduced and its use was associated with less blood loss, fewer complications, and reductions in postoperative pain [22] . In a prospective, randomized clinical study, the use of the LigaSure vessel sealing system for axillary dissection in breast cancer surgery was associated with signif- icantly reduced intraoperative blood loss, duration of axillary surgery, days of suction drainage, and length of hospital stay when compared with conventional axillary dissection using electrocautery, suture ligation or vascular clips [23] . In another recent analysis, the use of LigaSure was shown to be effective in reducing drain volume and duration of drain placement compared with conventional electrocautery in patients with breast cancer after axillary dissection [24] . To our knowledge, there is no previous study comparing the electrothermal bipolar vessel sealing system for nodal dissection in patients with melanoma. In the present study, the use of the LSJ instrument for nodal dissection in cutaneous melanoma was associated with reduced postoperative lymph output and reduced duration of suction drainage. The drainage volume at postoperative day 10 was reduced by one-third compared with conventional electrocautery data.
Even more than the reduction in time to drainage removal, this shows the ability of electrothermal bipolar vessel sealing to reduce postoperative lymph production ( Figure 1 ). These findings suggest that the LSJ can be safely used in nodal dissection as an alternative to traditional methods in patients with cutaneous melanoma. However, this study presents some limitations about resctricted follow-up time and number of patients observed. A larger sample size and a long term observation are needed to confirm these data.
Conclusions
It's first report of axillary and ilio-inguinal lymph node dissection in patients with metastatic cutaneous melanoma using LSJ. The routine use of the devise was significantly associated with reduced postoperative lymph production and days of suction drain than patients treated surgically with conventional electrocautery. Moreover, further studies are necessary to confirm the feasibility of the electrothermal bipolar vessel sealing system in reducing postoperative complications of node dissection in melanoma patients.
